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R1135volatile signals to attract and control
the pollinating Andrena bees. While
flower shape and perhaps size may be
relatively insensitive to climate change
(especially raised temperature, and
increased UV radiation), volatile
emissions are sure to be affected, and
the associations of scent and reward
are learned particularly quickly by
bees. Several aspects of the orchid
flower scents could change with
temperature [20]: rates of emission, the
balance of components in the overall
bouquet, and persistence in the air
(thus over what range they can be
detected).
Beyond the simple timing effects,
then, evenwhere theOphrys flower and
the male Andrena bees do still coincide
in time and space seasonally we could
expect to see daily pattern disruptions
and increasingly confused visual and
olfactory signals reaching the bees,
potentially decreasing the location of
and correct interaction with the
flowers. In this and in most other
plant–pollinator interactions we need
to take a broader approach to
understanding overall effects of climate
change on probable outcomes.References
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for the SexesA study in spider mites confirms predictions that males and females come
into conflict over optimal sex allocation when local mate competition affects
sex allocation in haplodiploid species.David M. Shuker* and Nicola Cook
Sexual reproduction is a contradiction.
For species with two sexes, sex
requires cooperation, not just for
copulation, but for the many
behaviours both before and after the
passing of sperm from males to
females. Not least, the mating partners
have to resist any urges to eat each
other. But not all species manage even
this, and therein lies the contradiction.
For all the cooperation that is required
to allow males and females to come
together to reproduce, sexualreproduction is also a hot-spot for
male–female conflict, with males and
females having different evolutionary
interests in many aspects of
reproduction, including where,
when and how often to mate, through
to who looks after the offspring and
to what extent [1]. The tremendous
scope for sexual conflict over
reproduction decisions is both
exemplified and extended by a
groundbreaking new study by Emilie
Macke, Isabelle Olivieri and Sara
Magalha˜es [2] in this issue of Current
Biology. They have shown how sexualconflict can arise over sex allocation
in the spider mite Tetranychus urticae,
revealing hitherto hidden influences
of males over sex allocation.
The power to uncover sexual conflict
over sex allocation — how sex and
resources are assigned to
offspring — in the work of Macke
and colleagues comes from the clear
theoretical predictions evolutionary
biologists can make about how sex
should be allocated amongst offspring.
This is particularly true for sex
allocation under local mate
competition, first explained by Bill
Hamilton in 1967 [3]. Hamilton realised
that if females produce multiple
offspring that develop and reach
adulthood together — for instance
wasps growing inside a fig or the body
of a caterpillar, or juvenile spider mites
feeding together on a plant — and if
those offspring mate with each other
before the daughters disperse to found
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Figure 1. Sexual conflict over sex allocation under local mate competition in haplodiploids.
(A) Males only pass on their genes to daughters, whereas females pass on genes to both sons
and daughters. In this hypothetical wasp species, males are wingless, and haploid with only
one set of chromosomes. Females are winged, dispersing after mating, and are diploid.
Daughters carry maternal (purple) and paternal (green) chromosomes, whilst sons only carry
maternal (purple) chromosomes. (B) Under local mate competition, the optimal sex ratio for
females (blue line) is given by S* = (N – 1)(2N – 1)/[N(4N – 1)], where N is the number of females
that lay eggs together on a patch; this simple LMC model assumes all females produce equal
clutch sizes. The optimal male sex ratio is for an extreme female bias (red line). (C) When one
female lays eggs on a patch (top), LMC is intense and mother and father optimal sex ratios
closely overlap. When many females lay eggs on a patch (bottom), the optimal sex ratio of
the mother is very different to that of the father (black arrow), leading to intense sexual conflict.
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R1136the next generation, then natural
selection should favour mothers who
produce more female than male
offspring. This is because by producing
more daughters than sons, mothers
reduce competition amongst sons for
mates, reducing what Hamilton termed
‘local mate competition’, and also
increase the number of mates available
for each son. This ends up maximising
the number of grand-offspring amother
produces, and hence is favoured
by natural selection. Indeed, under
such circumstances, mothers should
produce just enough sons to ensure
that all their daughters are successfully
inseminated.
However, sex ratios should be less
female-biased if unrelated mothers
lay eggs together such that sons
are able to mate with the daughters of
other females, increasing the fitness
(i.e. the number of grand-offspring)
that a mother can obtain through sons.
As seen in many species with theappropriate mating system and
life-style, such as Tetranychus mites,
females have indeed repeatedly
evolved to facultatively alter their sex
ratios depending on the predicted level
of local mate competition their sonswill
experience [4]. Moreover, the
theoretical base has been developed
and extended in numerous ways, e.g.
allowing sons to mate away from the
natal patch as well, so-called ‘partial
local mate competition’, thus
generating testable quantitative
predictions that have allowed us to
test how females obtain and use
information when allocating sex [4,5].
So how does conflict between males
and females over sex allocation arise?
Crucially, the spider mites studied by
Macke et al. [2] have a haplodiploid
genetic system — females are diploid,
developing from fertilised eggs, while
males are haploid, developing from
unfertilised eggs. This genetic system
is also found in hymenopteran insects(bees, wasps, ants)— also famous for
their sex allocation behaviour— aswell
as a number of other groups. This
means that, while the sex ratio of the
offspring influences the evolutionary
success of both mothers and fathers, it
does so in different ways. For mothers,
fitness is influenced by sex ratio in the
ways we have seen above, but for
fathers it is different. Males only pass
on their genes via daughters — sons,
being haploid, have no father
(Figure 1A). This means that natural
selection would favour male
adaptations that maximised the
daughter production of the females
they mated with. And this selective
pressure on males leads to sexual
conflict between mothers and fathers
over offspring sex ratios, i.e. natural
selection favours different sex ratios for
mothers and fathers.
So far, the evidence for such effects
is rather limited [6], and the idea has not
been developed further because of a
lack of convincing evidence and a lack
of a clear idea about the mechanism by
which males could influence sex ratio
[7]. What is particularly pleasing about
this form of sexual conflict, though, is
that the extent to which mothers and
fathers come into conflict over sex ratio
depends on the level of local mate
competition. If females lay eggs alone,
then both males and females are
expected to favour the kind of heavily
female-biased sex ratio that is closer
to the male optimum. So, there is little
or no conflict (Figure 1B,C). However,
if females lay eggs together with lots
of unrelated females they will produce
less female-biased, or even
male-biased, sex ratios that are far
from optimal for their male mating
partner. This scenario thus generates
an extreme level of sexual
conflict (Figure 1C).
Macke et al. [2] take advantage
of this situation — under some
circumstances the interests of males
and females are closely aligned,
under others they are not — to test
whether males and females can
actually come into conflict over sex
ratio. They took spider mites that
had been evolving at different levels
of experimentally-controlled local
mate competition (high: one female
laying eggs per patch; low: ten females
laying eggs per patch, and none:
100 foundresses per patch). These
environments selected for females to
produce different sex ratios [8], but
they also provided an opportunity to
Dispatch
R1137test whether or not males co-evolved.
Macke et al. [2] took males and females
from all three experimental evolution
treatments and mated them with
females or males from control tester
lines. The results are stunning: males
that evolved under low or no local
mate competition produced more
female-biased sex ratios when mated
to control females; females on the other
hand that evolved under low or no local
mate competition produced more
males when mated to control males.
These results suggest that males
and females are indeed experiencing
conflicting patterns of selection
depending on the level of local mate
competition, resulting in a
co-evolutionary arms-race between
males and females over the control of
sex allocation. Moreover, females
evolving in these two conditions
produced more males than expected
by theory, suggesting that the sexually
antagonistic selection had produced
females that over-compensated
for male attempts to subvert sex
allocation. This ‘push-me, pull-you’
effect may turn out to be a common
feature of sexual conflict, and indeed
genomic conflict more generally.
Taken together, the two papers by
Macke and colleagues [2,8] represent
important experimental proof of key
assumptions of sex allocation theory.
First, that local mate competition really
can drive sex ratio evolution, and
second that sexual conflict can
influence offspring sex ratios. They also
confirm the power of experimentalevolution studies. As the authors note
though, key questions remain. Most
importantly, how do male spider mites
influence the sex allocation of their
female mating partners? Female
control of sex allocation in this species
appears to be associated in some way
with egg size, with larger eggs more
likely to become daughters. However,
Macke et al. [2] present data that
suggest that males are unable to
influence egg size, meaning that their
influence must come another way.
One suggestion from the parasitoid
wasp Nasonia vitripennis — one
species where a hint of a male effect on
sex allocation has been detected
[6] — is that males can perhaps pass
proteins or peptides in their ejaculates
that influence how sperm is released by
females during fertilisation. Definitive
evidence is lacking, although
intriguingly a recent study of the female
N. vitripennis transcriptome during
fertilisation and oviposition has
identified that glucose dehydrogenase
is upregulated in ovipositing females
[9]. GLD proteins are associated with
sperm storage and release in
Drosophila melanogaster, being
expressed in both the female
reproductive tract and also passed
by males in their ejaculates. A protein
that males could use to manipulate the
release of sperm from a female’s sperm
store would be ideal for manipulating
sex allocation in haplodiploids.
The work of Macke and colleagues
[2,8] has shown that much remains to
be uncovered about the evolution ofreproductive behaviour, even in terms
of something as well-studied as sex
allocation under local mate
competition. Their work should make
those of us who work on sex allocation,
and indeed the evolution of
reproductive behaviourmore generally,
look again at our animals and question
long-held assumptions about what is
possible.
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